Recent studies of wild animal populations have shown that estimators of neutral genetic diversity, such as mean heterozygosity, are often correlated with various fitness traits, such as survival, disease susceptibility, or reproductive success. We used two estimators of genetic diversity to explore the relationship between heterozygosity and reproductive success in male and female mandrills (Mandrillus sphinx) living in a semifree ranging setting in Gabon. Because social rank is known to influence reproductive success in both sexes, we also examined the correlation between genetic diversity and social rank in females, and acquisition of alpha status in males, as well as length of alpha male tenure. We found that heterozygous individuals showed greater reproductive success, with both females and males producing more offspring. However, heterozygosity influenced reproductive success only in dominant males, not in subordinates. Neither the acquisition of alpha status in males, nor social rank in females, was significantly correlated with heterozygosity, although more heterozygous alpha males showed longer tenure than homozygous ones. We also tested whether the benefits of greater genetic diversity were due mainly to a genome-wide effect of inbreeding depression or to heterosis at one or a few loci. Multilocus effects best explained the correlation between heterozygosity and reproductive success and tenure, indicating the occurrence of inbreeding depression in this mandrill colony. correlation heterozygosity-fitness ͉ genome-wide inbreeding ͉ primate ͉ social rank ͉ reproduction
O ffspring born to closely related parents often show reduced fitness, a phenomenon known as inbreeding depression (1) ; this is typically due to increased homozygosity at loci affecting fitness, either by permitting the expression of recessive deleterious alleles or by reducing heterozygote advantage (2) . Inbreeding avoidance is thought to underlie the evolution of sex-biased dispersal (3, 4) and has important implications for conservation (5) .
Most studies of the relationship between inbreeding and fitness have been carried out using domestic or captive animals (reviewed in refs. [6] [7] [8] . Studies of the influence of inbreeding on overall fitness in natural, or seminatural, populations remain relatively rare because accumulating the generations of pedigree information necessary to calculate inbreeding coefficients requires long-term study, particularly for long-lived organisms. Moreover, studies using inbreeding coefficients are limited where mating between close relatives is infrequent in a population (9) . An alternative approach to the use of inbreeding coefficients is to exploit the fact that inbreeding reduces heterozygosity (10) .
The development of new genetic techniques (e.g., microsatellite analysis), and of estimators of genetic diversity which improve on simple single-locus measures of heterozygosity, has led to increasing numbers of studies of inbreeding depression in wild populations over the past 10 years. For example, Coulson et al. (11) developed mean d 2 as an estimator of the evolutionary similarity of alleles. Although more recent studies suggest that mean d 2 is appropriate only under rather unusual circumstances (12, 13) , two further estimates of heterozygosity, standardized heterozygosity (14) and internal relatedness (15) , show high correlations across a range of species (15, 16) . The former allows incomplete genotyping, whereas the latter weighs allele sharing by the frequencies of the alleles in the population; thus, both are theoretically more informative than simple observed heterozygosity.
A growing number of studies have shown that these estimators of genetic diversity are correlated with a range of fitness components, including survival, disease susceptibility, and reproductive success (11, (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . The general consensus of these studies is that an association exists between multilocus heterozygosity and components of fitness (26) . In most cases, inbreeding depression is proffered as the likely underlying mechanism. However, recent theoretical and empirical studies have shown that, when variation in inbreeding is low in a population, multilocus (i.e., microsatellite) heterozygosity is only weakly correlated with inbreeding coefficients obtained from pedigree data (27, 28) , even when the data set comprises several hundred microsatellite markers (27) .
These studies raise vexing questions concerning inbreeding depression. Most importantly, if microsatellite heterozygosity is such a poor estimator of genome-wide inbreeding, why do so many studies report correlations between heterozygosity and inbreeding, and ultimately fitness? This may be because the study populations show sufficient variation in inbreeding to allow heterozygosity to be a good estimate of inbreeding. Alternatively, Balloux et al. (27) have proposed various explanations for this phenomenon, including publishing bias (29) . Otherwise, correlations between heterozygosity and inbreeding may be due to nonrandom choice of neutral markers which are generally selected due to their genetic variability, and may be located in genomic regions under balancing selection. Balloux et al. (27) also suggested that genotypic disequilibrium may generate single locus associations, where a small number of strongly overdominant genes generate spurious associations with multiple neutral loci, and proposed that future studies should seek heterozygosity-fitness associations that appear marker specific (e.g., refs. 16 and 30).
Long-term studies of isolated populations can provide valuable data concerning inbreeding, heterozygosity, and fitness (31) . Here we examine the relationship between genetic diversity and reproductive success in a semifree ranging population of mandrills (Mandrillus sphinx, Cercopithecinae), at the Centre International de Recherches Médicales de Franceville (CIRMF), Gabon. The CIRMF mandrill colony was established in 1983, with 15 founder animals originating from the wild (32); no animals have been introduced subsequently. Animals cannot emigrate and reproduce in their natal groups. However, it would be impossible to address our research question in the wild, and mandrills are an interesting model species for studies of inbreeding because of a lack of studies in primates and high reproductive skew among males (alpha males in the colony sire 76% of offspring; ref. 33) . Inbreeding avoidance appears to occur in the colony, particularly between first-order relatives (33) .
We estimated genetic diversity using heterozygosity and internal relatedness. Although precise estimation of inbreeding coefficients from genetic data usually requires a large number of markers, particular situations, including highly skewed mating systems such as the polygynous reproductive system studied here, allow valid estimation of inbreeding despite the use of only a small number of loci (27) . We estimated reproductive success as the number of offspring sired by potentially reproductive males and the number of surviving offspring produced by females. Because social rank is known to significantly influence reproductive success in both sexes (34) , we also examined the relationship between genetic diversity and dominance rank. Finally, we examined whether the relationships observed between genetic diversity and reproductive success were due to genome-wide heterozygosity at unlinked genes, or to one or more neutral loci being linked to other loci under selection (27) .
Methods
Study Species and Population. Mandrills are primarily terrestrial primates, living in multimale, multifemale groups, found in the tropical forests of western Central Africa from southern Cameroon to southwestern Republic of Congo (35) (36) (37) (38) . The CIRMF breeding colony was established in 1983͞1984 when 15 mandrills (eight females, seven males), originating from the wild, were released into a 6-hectare rainforest enclosure (E1). Increase in group size has been due to natural reproduction of the founder animals, countered by deaths or removal for experimental purposes. In 1994, the colony was separated into two semifree ranging groups (E1 and E2). The mandrills are provisioned twice a day with fruit and monkey chow. Water is available ad libitum. Two hundred and thirty-one infants were born into the colony between June 1983 and June 2002. Blood samples for genetic analysis were collected during annual veterinary captures from 1990 onwards. By 2002, DNA was available for 14 founder animals (one nongenotyped founder female never reproduced) and 205 offspring, from 20 birth seasons (1983-2002; ref. 33) .
Reproductive Success. Female reproductive success was defined as the number of offspring surviving Ͼ1 year that parous females produced during their reproductive lifespan, using birth seasons from 1983 to 2004. Male reproductive success was defined as the number of offspring sired during birth seasons from 1983 to 2002. Males were considered potentially reproductive from the age of 4 years, by which age the testes have descended (39) . We examined both the total number of offspring sired and the number of offspring sired divided by the number of offspring born during the period when the male was potentially reproductive (i.e., correcting for mating opportunity). Dominance Hierarchies. Rank relations between males and between females were determined by using ad libitum records of avoidance behavior made during daily observation periods. Female dominance ranks are stable in mandrills (40) . A female's rank at each birth was expressed as the percentage of all females Ͼ3 years of age present that she dominated, to account for demographic changes over time (41) . The alpha male was avoided by all other males and never avoided other males. Changes in alpha male identity were clear and occurred from one day to the next. Genetic Analysis, Relatedness, and Genetic Diversity Estimates. Paternities were assigned by using CERVUS 2.0 (42) and PARENTE (43) software packages. We obtained an accurate paternity assignment for 193 (94%) of the 205 offspring for which blood samples were available (33) . Knowledge of the entire colony pedigree allowed calculation of the inbreeding coefficient, f, for each of the 193 offspring. However, calculation of f is based on the assumption that the founder individuals were equally unrelated (32) ; this is unlikely to be the case, as the founder animals originated from two different areas in Gabon (44) and the colony now represents a mixture of two potentially reproductively isolated populations. Therefore, we calculated relatedness coefficients between founders, by using the Fortran program MOMENT ESTIMATE OF RELATEDNESS (45) , to examine whether these coefficients were evenly distributed among individuals coming from the two distinct areas.
Sixty-four males and 73 reproductive females were genotyped for six to eight microsatellite loci (mean Ϯ SEM: 7.68 Ϯ 0.05). Six reproductive, or potentially reproductive, individuals were excluded from the analysis: one male and two females were genotyped at fewer than six loci, and no blood samples were available for a further one male and two females. The exclusion of the two potentially reproductive males from our analysis potentially biased our results because (i) they sired no offspring (paternity could be assigned for all offspring born during their potentially reproductive periods) and (ii) they did not attain top rank. If the excluded males were highly heterozygous, excluding them would exaggerate any observed trend in the predicted direction. Conversely, if all excluded males showed low heterozygosity, then including them would weaken any observed relationship. However, we have no reason to believe that these males were exceptional in their heterozygosity. Exclusion of four females for whom heterozygosity estimates decreased the sample size, but is unlikely to introduce bias into the data set.
Mean observed heterozygosity per individual (HO) was calculated as the number of heterozygous loci divided by the total number of loci genotyped. HO was 0.82 Ϯ 0.01 (mean Ϯ SEM; n ϭ 137, range 0-1). Internal relatedness (IR) was determined by using the following equation: (2H Ϫ ͚fi)͞(2N Ϫ ͚fi), where H was the number of homozygous loci, N is the number of loci genotyped, and fi is the frequency of the ith allele contained in the genotype (15) . The more an individual is genetically diverse, the more IR will be negative.
Allele frequencies were calculated from the entire data set of 219 individuals rather than the subset of 137 individuals used in the present study. Use of a larger data set reduces the risk of bias due to overrepresentation of rare alleles in a fraction of the population (16) .
Statistical Analysis. Estimates of genetic diversity and inbreeding coef-
ficients. We examined the relationships between f and estimates of genetic diversity in several ways. First, we tested for a correlation between f and the two different estimates of genetic diversity using Spearman correlations (SAS version 9, CORR procedure) and including all individuals typed at six or more loci for which an inbreeding coefficient f was available. We then examined the correlation between relatedness coefficients and the origin of founder individuals using a generalized linear model (SAS version 9, GLM procedure) with a Gaussian error structure, as residuals were normally distributed. We tested a posteriori for homoscedasticity between North-North, South-South, and North-South dyads, using Levene's tests, verifying equality of variance. When a correlation between relatedness and founder origin was detected, we used the Lsmean procedure followed by a Tukey test to ordinate the three types of potential pairing. Finally, we tested for a difference in mean heterozygosity between F 1 offspring born to founders from the same area vs. two distinct areas, predicting that animals born to parents from different regions would be more genetically diverse than those born to parents from the same area in Gabon. We used a nonparametric test across a one-way classification (SAS version 9, NPAR1WAY procedure). Reproductive success. All analyses of reproductive success and dominance rank used generalized linear models (SAS version 9, GENMOD procedure). The error structure and link function were defined for each model according to the residual distribution of the response variable and following use of exploratory models. Predictor variables were examined for colinearity.
To model the relationship between the number of surviving offspring born to females and genetic diversity (HO and IR), we corrected for female age (in 2004 or at death) and thus for breeding opportunity. We also included a female's mean rank during her lifespan, which is known to influence reproductive success (34) . The statistical model used a negative binomial distribution with a log-link and was: Number of surviving offspring ϭ HO or IR ϩ female's age ϩ rank ϩ constant.
The relationship between the number of offspring sired by males and HO or IR was also examined by using a negative binomial distribution. All potentially reproductive males (aged Ͼ4 years) were included. We included variable describing whether males were present only as adolescents (aged from 4 to 9 years), because the probability of siring infants is lower in adolescent males than in males that reach adulthood (34) , and whether a male attained alpha rank during the study period, as alpha males sired more offspring than subordinates (33, 34) . The final statistical model was: Number of offspring sired ϭ HO or IR ϩ adolescent only (Y͞N) ϩ alpha (Y͞N) ϩ constant.
To examine whether the observed relationship between HO or IR and number of offspring sired was mainly due to alpha or subordinate males (or both), we examined these two sets of males. The number of offspring sired by alpha males was examined using a negative binomial distribution with the following model: Number of offspring sired ϭ HO or IR ϩ constant.
We did not take into account alpha male tenure, because this was itself correlated with genetic diversity (see below).
The number of offspring sired by subordinate males was modeled by using the following equation: Number of offspring sired ϭ HO or IR ϩ adolescent only (Y͞N) ϩ constant.
All analyses of male reproductive success were repeated by using the response variable number of offspring sired by each male͞ number of offspring that he could have sired (see above). Social rank. To evaluate the relationship between female rank and genetic diversity, we examined females aged Ͼ3 years (n ϭ 72) for each birth season. Where no change in female rank occurred between two birth seasons, we considered ranks from one birth season only. We used repeated measures, with female identity as the repeated variable, because most females were present for more than one birth season. We used a negative binomial distribution and took matriline identity into account, because females inherit their mother's rank (40) , using the following equation: Female rank ϭ HO or IR ϩ matriline ϩ constant.
We used repeated measures logistic regression with a binomial distribution and a logit-link function to examine the relationship between HO or IR and the probability of a male attaining alpha rank, comparing males that became alpha with all other potentially reproductive males present at the time of the takeover. The repeated measure was the identity of any potential future alpha male, because the same males were present during more than one dominance transition. We also included male age, because males attaining alpha status are generally in their prime (39) . The final equation was: Became alpha (Y͞N) ϭ HO or IR ϩ age ϩ constant.
We repeated this analysis using the sequential number of the dominance transition (categorical variable, range 1-14) as a repeated variable, to remove any effects of specific dominance changes.
Finally, we used a Poisson regression and a log-link function to model the relationship between heterozygosity and the tenure of males who became alpha. We included the mean number of males aged more than five years present during the tenure of a given alpha male to account for the effects of intra-sexual competition, giving: Tenure (years) ϭ HO or IR ϩ number of males ϩ constant.
Contribution of Each Genetic Locus. If a relationship is observed between microsatellite heterozygosity and reproductive success or dominance, this result may be due to either genome-wide heterozygosity at unlinked loci or one or more neutral loci being physically linked to other loci under selection (27, 46) . In the first case, the correlation between heterozygosity and fitness should be equivalent across all neutral microsatellite markers. In the second case, the relationship between heterozygosity and fitness will depend mainly on heterozygosity at a single locus (or at a few loci). To investigate whether there were locus-specific effects on fitness, we repeated our analysis fitting each locus individually and dropping one locus at a time from the calculation of genetic diversity (16) .
Finally, if heterozygosity reflects inbreeding, then single locus values should be positively correlated across loci. Therefore, we examined the correlation between mean individual heterozygosity in two data sets, each containing four randomly chosen microsatellites of the eight loci analyzed. This analysis was repeated 1,000 times by using SPLUS 2000. A significant ''heterozygosity-heterozygosity correlation'' indicates a genomewide effect that is likely to be due to inbreeding, and the higher the correlation, the more precisely heterozygosity reflects inbreeding in the population (9) .
Linkage Disequilibrium Between Microsatellite Loci. If large regions of the genome are unaffected by balancing selection, single locus associations may still arise through linkage disequilibrium with other genes affected by selection. In small, or bottlenecked, populations, or where there has been recent mixing between populations, linkage disequilibrium can arise between markers anywhere in the genome, regardless of whether they lie on the same chromosome (47) . Because the mandrill colony may represent a mixture of two reproductively isolated populations, we tested for linkage disequilibrium between the eight microsatellite loci used in this study by using FSTAT version 2.9.3.2 (available from http:͞͞ www2.unil.ch͞popgen͞softwares͞fstat.htm) and sequential Bonferroni corrections for multiple tests (48) .
Results
HO and IR were highly correlated (n ϭ 212 individuals typed at six or more loci, r s ϭ Ϫ0.965, P Ͻ 0.001). Inbreeding coefficients were also significantly correlated with the two heterozygosity estimates (n ϭ 212, r HO-f ϭ Ϫ0.19, P ϭ 0.007; r IR-f ϭ 0.19, P ϭ 0.009). However, the proportion of variance explained by this relationship was low (3.6%). This weak correlation is likely to be explained by the founder animals being unequally unrelated. Indeed, area of origin significantly influenced the relatedness coefficient (F 2,88 ϭ 13.81, P Ͻ 0.0001), with founders from the same region being significantly more related to one another than those coming from two distinct areas ( Fig. 4 , which is published as supporting information on the PNAS web site). There was no significant difference in relatedness between North-North and South-South dyads. Finally, the mean heterozygosity of F 1 individuals born to founders from different regions (n ϭ 44, mean Ϯ SEM ϭ 0.89 Ϯ 0.02) was significantly greater than that for offspring born to parents from the same area in Gabon (n ϭ 17, mean Ϯ SEM ϭ 0.76 Ϯ 0.04; F 1,59 ϭ 11.45; P ϭ 0.001). These results suggest that mean heterozygosity estimates (HO and IR) are, as expected, more informative than are inbreeding coefficients obtained from the colony pedigree. In particular, heterozygosity allowed us to distinguish different levels of genetic diversity among individuals where f estimated from the pedigree was zero.
Genetic Diversity and Female Reproductive Success. The number of surviving offspring produced by a female was significantly associated with both estimates of heterozygosity (Table 1) : the more heterozygous a female, the more offspring she produced during her lifespan (Fig. 1) . Predictably, the number of offspring produced was significantly related to the female's age (with IR: 2 1 ϭ 96.84, P Ͻ 0.0001), and reproductive success was also correlated significantly with female rank (with IR: 2 1 ϭ 4.66, P ϭ 0.031), with higher ranking females giving birth to more offspring. The final statistical model was thus: Number of surviving offspring ϭ Ϫ1.15 IR ϩ 0.11 age ϩ 0.003 rank Ϫ 0.19.
Genetic Diversity and Male Reproductive
Success. The number of offspring sired was significantly associated with both estimates of heterozygosity (Table 1) : more heterozygous males sired more offspring (Fig. 2) . The number of offspring sired was also significantly associated with whether a male was present as an adult (with IR: 2 1 ϭ 24.15, P Ͻ 0.0001) and whether he attained alpha status (with IR: 2 1 ϭ 12.41, P Ͻ 0.001). The final statistical model was thus: Number of sired offspring ϭ Ϫ4.14 IR ϩ 2.83 adolescent phase only Ϫ 1.73 dominant male or not Ϫ 0.67. These results did not change when the number of offspring sired was replaced with the percentage of offspring sired by all males (for IR: 1 2 ϭ 5.86, P ϭ 0.016, results not shown for other variables).
Separating alpha from subordinate males, we found that reproductive success was significantly influenced by estimates of heterozygosity in alpha males only (Table 1 ). More heterozygous alpha males sired more offspring than less heterozygous alpha males (Fig.  2 ). The final model was: Number of sired offspring ϭ Ϫ4.70 IR ϩ 2.06. In subordinate males, only whether a male was present as an adult significantly influenced the number of sired offspring (with IR: 1 2 ϭ 9.63, P ϭ 0.002). However, the lack of trend among subordinate males could also be ascribed to lack of sufficient variability among individuals. Results were similar when the percentage of offspring sired by dominant males was considered (for IR: 1 2 ϭ 7.36, P ϭ 0.007).
Genetic Diversity and Dominance Rank. Female rank was not significantly correlated with the estimators of genetic diversity (Table 1) , although it was significantly correlated with matriline identity (IR: 6 2 ϭ 25.43, P Ͻ 0.001).
The probability of a male attaining alpha rank was not significantly related to HO or IR (Table 1) . Only male age significantly influenced acquisition of alpha status (IR: 1 2 ϭ 5.05, P ϭ 0.025), with alpha males being older (10.71 Ϯ 0.82 years) than other males present at dominance transitions (8.17 Ϯ 0.28 years). Similar results were found when the sequential number of the dominance transition was included as a repeated variable (data not shown).
Alpha male tenure was significantly influenced by estimators of genetic diversity (Table 1) , with more heterozygous males showing longer tenure (Fig. 3) . The mean number of males present during the tenure of a given alpha male also correlated significantly with the length of tenure (IR: 1 2 ϭ 19.66, P Ͻ 0.0001). Unsurprisingly, when more males were present, tenure length decreased. The final Contribution of Each Locus. Reanalysis of the relationships between fitness and genetic diversity using each individual locus showed that no particular locus significantly explained variation in either male or female reproductive success, or in alpha male tenure (correcting for multiple tests; Table 2 , which is published as supporting information on the PNAS web site). This analysis was not repeated for alpha males only due to the small sample size (n ϭ 9). Dropping one locus at a time from the calculation of IR did not alter the influence of IR on female reproductive success or on tenure length of alpha males (correcting for multiple tests; Table 3 , which is published as supporting information on the PNAS web site). The removal of three loci resulted in only a marginally significant relationship between IR and male reproductive success, whereas the removal of five other loci resulted in a significant relationship (Table 3) .
Finally, comparison of mean heterozygosity between two data sets (n ϭ 141 individuals typed at eight loci), each containing four of the eight loci analyzed, showed a significant correlation between the two data sets in 87.6% of simulated cases. The average correlation coefficient over 1,000 simulations was r ϭ 0.23. Although this correlation coefficient is not high, this result suggests that our eight markers are representative of genomewide heterozygosity.
Linkage Disequilibrium Between Microsatellite Loci. Of 28 pairwise associations between loci, only two showed nonrandom association at the 5% level, and only one of these was significant at the 1% level after sequential Bonferroni correction ( Table 4 , which is published as supporting information on the PNAS web site).
Discussion
We examined a large data set concerning the demography and genetic diversity of a semifree ranging population of mandrills to investigate whether two estimates of heterozygosity were related to reproductive success and͞or social rank in males and females. We also examined whether any relationships between these variables were associated with genome-wide heterozygosity among unlinked genes, or were due to neutral loci being physically linked to loci under selection pressures (see ref . 27) . As in studies of other mammals (11, (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , we found that HO and IR were highly correlated, and results were similar for the two heterozygosity estimates, with IR exhibiting the higher correlation with fitness. In both males and females, individuals with more heterozygous microsatellite loci had the highest reproductive success, as measured by the number of offspring produced. Finally, genetic diversity was not related to dominance rank in either sex, although more heterozygous alpha males enjoyed longer tenure. Our findings support the hypothesis that the correlation between heterozygosity and fitness is due to inbreeding depression at a genome-wide level, rather than being driven by only a few loci.
The correlation between heterozygosity and reproductive success may be due to increased metabolic efficiency (49) and͞or to disease resistance (21, 50) in heterozygous animals, allowing them to better afford the cost of reproduction (raising offspring in females, intrasexual competition in males) than homozygous animals. For example, disease resistance may be the consequence of heterozygosity at the immunologically important MHC (51) . A recent study of semifree-ranging rhesus macaques found that males heterozygous at one moderately variable MHC locus sired more offspring than more homozygous males (52) . Interestingly, although our results imply a genome-wide inbreeding effect, in the rhesus study, males that were homozygote and heterozygote at the MHC locus did not differ in microsatellite heterozygosity, ruling out a genome-wide inbreeding effect.
The CIRMF population of mandrills is relatively small, with no gene flow, and is characterized by a strongly polygynous breeding system in which inbreeding effects are likely to be particularly manifest (27) . Although nothing is known about the genetic diversity of wild mandrill populations, it is possible that less extreme breeding systems and less isolated populations experience little, or no, inbreeding depression, as all males may disperse from their natal group. However, although the colony studied here may represent an extreme situation, it is also possible that at least some male mandrills sire offspring in their natal group because males are sexually mature at 4 years and may sire offspring before dispersal, which occurs at Ϸ6 years (34, 37, 39) . The specific conditions of the CIRMF colony represent an experimental setting, allowing the study of evolutionary phenomena that may have influenced mandrills in the wild. For example, past inbreeding depression may have led to the evolution of the incest avoidance mechanisms present in wild populations today (3, 4) . Finally, such restricted conditions may provide a useful model for populations undergoing habitat fragmentation in the wild (53) .
Our finding that female rank is unrelated to genetic diversity is unsurprising because female rank is inherited matrilinearly in mandrills (40) and is therefore less likely to be influenced by genetic ''quality'' than is rank in males, which is determined by contest competition. Male-male competition is intense in mandrills, suggesting that heterozygous (and thus metabolically more efficient, or more disease-resistant) males should be at an advantage. Studies of other species have shown that less heterozygous males are disadvantaged in male-male competition. For example, in black grouse (Tetrao tetrix), males that never obtained a lek territory had significantly lower mean heterozygosity than males that were observed on a territory during at least one mating season (54) . Heterozygosity was also linked to territory size in the subdesert mesite (Monias benschi; ref. 24) , and highly heterozygous male Antarctic fur seals (Arctocephalus gazella) are more successful in male-male competition than less heterozygous males (16) .
Alpha male mandrills experience high social pressures, both from competitive subordinates and from females (55) , and the positive relationship between tenure as dominant male and heterozygosity suggests that heterozygous males can afford the costs of the alpha position for a longer period. The lack of a significant relationship between heterozygosity and the probability of gaining alpha rank in males may be a consequence of relatively few homozygous males having attained the age at which they might reach alpha rank. Reduced reproductive success in less heterozygous dominant males suggests that sneak copulations with subordinates may occur more often if an alpha male is of poor genetic quality. However, het- erozygous subordinate males did not experience a reproductive advantage, suggesting that more heterozygous subordinates are not more successful in sneaky reproduction.
The greater reproductive success observed in heterozygous alpha males may be a by-product of a longer tenure. Alternatively, females may preferentially choose more heterozygous alpha males as partners, to gain resources or genetic benefits for their offspring (56) . Similarly, males may show choice for genetically fitter females. Both male and female mandrills show elaborate secondary sexual ornaments: bright coloration in males and sexual swellings in females (57) . Our finding that reproductive success is associated with heterozygosity in mandrills raises the question of whether these traits honestly advertise genetic quality (''good genes,'' refs. [58] [59] [60] in the form of heterozygosity. Female mandrills prefer to mate with brightly colored males, reinforcing the effects of male-male competition on male reproductive success (61) . It remains to be seen whether brightly colored males are genetically more diverse. In females, swelling size may advertise genetic diversity. A controversial study of baboons found that males preferred to mate with females possessing larger sexual swellings, which signaled increased female reproductive success (62, 63) . However, we were not able to replicate these findings for this colony of mandrills, where male mate choice is unrelated to the size of female sexual swellings and swelling size is unrelated to female reproductive quality (64) .
To date, studies examining inbreeding depression in primate species have examined only maternal relationships, obtained from behavioral observations, or concern very small populations (6, (65) (66) (67) . However, our study used genetic diversity estimates to demonstrate that inbreeding depression can negatively influence reproductive success in a primate population.
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